The nutritional factors which affect lead absorption have been studied. Synthetic diets of known composition were compounded to contain 0-075% Pb as PbCl2 labelled with 203Pb. Rats were exposed to lead for periods of 48 hr. The dietary intake was then measured and the absorption of lead determined by means of a whole-body counter. Lead absorption was increased by high fat, low mineral, low protein and high protein diets but was decreased by high mineral diet. Low fat, low fibre, high fibre, low vitamin and high vitamin diets had no effects on lead absorption.
Introduction
The major source of lead for the unexposed human population is its diet. It has been calculated that the average daily intake of lead of an adult is 300 ,ug from food and beverages (Barry and Mossman, 1970) and of this, about 10% is absorbed (Kehoe, 1961) . There is evidence that various dietary factors will influence the absorption of lead from the gastrointestinal tract. Milk has been found to increase lead absorption from the gastrointestinal tract in rats (Kello and Kostial, 1973) . Calcium and phosphorus added to rat diets decreased the accumulation of lead in femurs and kidneys (Sobel et al., 1940; Six and Goyer, 1970) . Conversely, low dietary iron has been shown to enhance lead uptake from the gastrointestinal tract in rats (Six and Goyer, 1972) . Protein has also been found to affect lead absorption and toxicity (Baerstein and Grand, 1942) so that rats fed both low-protein and high-protein diets had an increased lead uptake (Milev, Satler and Minden, 1970) . Vitamins C and D may each modify the absorption of lead. Thus a low intake of Vitamin C may enhance the severity of plumbism (Pillemer et al., 1940) . Vitamin D added to the diet will increase lead toxicity (Sobel et al., 1940) although this has been denied (Tompsett, 1939) . Conflicting reports exist about the effect of increased dietary fat on lead absorption. Tompsett (1939) (Kostial, Simonovic and Pisonic, 1971a ) but this has not been confirmed (Harrison et al., 1969; Carr, Nolan and Durakovic, 1969) .
The experimental designs used in previous studies have not been uniform and interpretation of their data is difficult. Many variables will influence lead absorption. Using carrier-free 212Pb, Forbes and Reina (1972) showed that age and weight affect lead absorption in rats, with immature rats absorbing more lead than do mature animals. The chemical and physical form of lead has been reported to modify its absorption and toxicity (Fairhall and Sayers, 1940) . Recently this has been confirmed in our laboratory (Barltrop and Meek, 1975) . Carrierfree isotopes of lead have been used in some studies (Milev et al., 1970; Kello and Kostial, 1973; Kostial et al., 1971a Kostial et al., , 1971b (Barltrop and Meek, 1975 The values for lead retention by animals fed on the control diet are given in Table 2 . Whole-body retention was only 0-65 % of the ingested dose compared with the value of 10% that has been reported for human adults (Kehoe, 1961) . Of the organs, liver had the greatest retention of lead with progressively lesser values in kidney, femur and blood respectively. The effects of various experimental diets on lead distribution between the organs are given in Table 3 . All results which are not significantly different from the control are presented with the experimental: control ratio as 1. In the low factor diets, the nutritional factor concerned was omitted while in the high factor diets it was increased three-to four-fold. Low protein, high fat and low mineral diets increased the blood lead concentration and high mineral diet decreased it (Fig. 1) . The lead concentration of liver showed a similar relationship. In the kidneys and femurs, however, a high protein diet was also associated with an increased lead content. Low fat, low fibre, high fibre, low vitamin and high vitamin diets had no effect on lead absorption. 
Protein
Detailed studies of the effects of varying dietary protein confirmed the findings in the preliminary investigations (Table 4) . Diets containing 10% and 15% protein had no effect on lead absorption but diets containing 0% and 5% protein increased the lead concentration in all the organs studied. Conversely, doubling the recommended protein content to 40% by weight resulted in greater lead concentration in the kidneys (Fig. 3 ) but had no effect on blood, liver and femur. Further increases in dietary protein content to 80% increased the lead concentration in both kidneys and femur but did not produce any significant effects in the blood (Fig. 2) 
Minerals
In order to identify the individual minerals responsible for increasing lead uptake from the gut, each of the minerals selected was omitted sequentially from the diet (Table 6 ). Initially, the response to the omission of major and minor components was determined. Diets deficient in calcium, phosphates, magnesium, sodium, potassium and chloride resulted in a marked increase in lead absorption but exclusion of iron, manganese, copper, zinc, iodine and molybdenum from the diet had no effect. Further studies showed that sodium, potassium and chloride had no effect on lead uptake. Diets without added calcium or phosphates resulted in increased tissue lead concentrations which appear to be additive. A low dietary magnesium resulted in increased lead retention in the tissues but to a lesser extent than either calcium or phosphates alone.
Increasing the total mineral content of the diet four-fold resulted in an 80 % decrease in lead retention in blood, 50 % in kidneys and 90 % in femur and liver. The individual minerals responsible for this effect are currently under investigation in' this laboratory. (Pentschew and Garro, 1966; Kostial et al., 1971a, b) may thus be partly explained by the nature of their diet rather than functional immaturity of the gut. Cow's milk has been used as a prophylactic for lead poisoning but this view has been questioned by Kello and Kostial (1973) who found enhanced lead uptake in rats when milk was added to the animals' diet. The findings of this paper suggest that the high fat and protein content of milk might be expected to increase lead absorption but the effect would be counteracted by the high mineral content.
There are three possible mechanisms by which nutritional factors could affect the absorption of lead from the gut. Firstly, by the binding of lead to a poorly absorbed factor or its derivatives thus rendering the lead unavailable for absorption; secondly, by the interaction of the factor with the cellular processes regulating lead absorption; thirdly, modification of the metabolic status of tissues with an affinity for absorbed lead. At present, the data presented in this paper cannot distinguish between these possibilities. Since Using kidney lead retention as an index of lead uptake, the relative importance of individual nutritional factors can be determined. A regime containing 40 % fat will increase uptake fifteen-fold.
A mineral-deficient diet will result in a twelve-fold increase. However, the increases in lead absorption due to the lack of the individual minerals, calcium, phosphates and magnesium do not summate to a twelve-fold increase (Table 6 ) so that there would appear to be a synergistic effect. Since a low calcium diet is known to modify the absorption of other minerals, for example magnesium (Morris and O'Dell, 1963) and strontium (MacDonald et al., 1952 (MacDonald et al., , 1955 , it is probable that a common pathway exists for the absorption of calcium and other minerals including lead from the gut. Both low and high protein diets will also enhance lead uptake in the kidneys 2-5 and 3-5 times respectively.
Vitamins did not have any effect on lead uptake. This is contrary to the findings in relatively longterm studies where a dietary deficiency in vitamin C (Pillemar et al., 1940) enhanced lead toxicity and an increase in vitamin D (Sobel et al., 1940) 
